There is an increasing recognition of the role coastal vegetated ecosystems play in atmospheric carbon sequestration. However, the development of sudden vegetation dieback (SVD), a phenomenon that causes the rapid death of Spartina alterniflora, followed by no or slow recovery, has affected large-scale alterations in Atlantic coastal systems. This study reports the effects of the development of SVD on the sediment microbial communities. In 1999, Hammonasset Beach State Park in Connecticut experienced the initial appearance of SVD. After more than a decade, the plants have not recovered. Yet, sediment chemistry was similar between vegetated and SVD affected sites, with the exception of water loading, which was significantly higher in the SVD affected sites. Soil CO 2 flux, a proxy for soil respiration, was reduced by 64% in SVD sites compared with sites that remained vegetated. This suggests that SVD has affected large changes in carbon cycling in the wetland sediments. The microbial communities between vegetated and SVD sites were significantly different, as assessed by 16S rRNA gene sequencing. The vegetated sediments harbored significantly higher populations of Bacteroidetes-related bacteria, whereas the SVD affected sediments contained a significantly enriched relative abundance of sulfate-reducing bacteria, predominantly within the genus Desulfobulbus. Thus, the development of SVD appears to favor anaerobic metabolic pathways at the expense of saprophytes. Greenhouse experiments testing if the alterations in the sediment microbial communities were associated with differences in S. alterniflora germination or growth were also pursued. Although small differences in growth and disease ratings were noted between seedling and transplants grown in soil mix (control), autoclaved SVD sediments, or nonautoclaved (natural) SVD sediments, mortality was not significantly different, indicating that the alterations in the sediment communities are not likely responsible for SVD, or a primary cause for the failure of S. alterniflora to recolonize the SVD sites.
There is an increasing recognition that cutting carbon emissions alone will not likely achieve atmospheric carbon concentrations sufficient to avoid the most drastic consequences of climate change (Lal 2004; Schimel 1995) . Another component to mitigating climate change is identifying carbon sinks that can sequester carbon from the atmosphere and store it in a stable form. One potential carbon sink is vegetated coastal ecosystems (i.e., tidal marshes, mangroves, and seagrass meadows) also referred to as "blue carbon" sinks (Herr et al. 2012; Nellemann and Cocoran 2009) . Vegetated coastal ecosystems store carbon within living biomass aboveground (e.g., leaves and stems) belowground (roots), and within nonliving biomass (e.g., leaf litter). The potency of coastal ecosystems as carbon sinks is partly due to their high primary productivity. Salt marshes are among the most productive ecosystems on the planet, generating approximately 40% more biomass annually than produced in a similar area of forest (Bertness et al. 2008; Hopkinson et al. 2012) . This photosynthetically fixed carbon is eventually passed to the sediments through plant litter, root exudates, or death, becoming the substrate for microbial metabolism (Blodau 2002; Picek et al. 2007) . As wetlands are defined by periods of water saturation and a water table close to or at the surface, waterlogged conditions are a fundamental characteristic of coastal wetland sediments. Water acts as a diffusion barrier to oxygen, so flooded soils rapidly become anaerobic. In this regard, a significant fraction of the degradation of plant-derived carbon occurs in anoxic conditions (Mcleod et al. 2011) . Because anaerobic degradation of organic matter happens relatively slowly, the rates of organic inputs from the vegetation occurs at a greater rate than losses by microbial respiration, so the net effect is storage of this carbon in wetland sediments. This can result in a substantial store of carbon. Seagrass meadows and mangroves have accreted carbonrich sediments .10 m thick (Loiacono et al. 2011; McKee et al. 2007 ). The final mechanism through which coastal systems can store carbon is by sedimentation and trapping of water transported materials from outside their boundaries (i.e., upstream rivers). Up to 50% of carbon sequestered in seagrass meadows is thought to be of external origin (Kennedy et al. 2010) . In this way, blue carbon can be sequestered over the short term in vegetation biomass, and over longer time scales in sediments. Radiocarbon dating of carbon sequestered in coastal sediments indicates that carbon can be stored for hundreds to thousands of years (Brevik and Homburg 2004; Choi and Wang 2004) . This large and stable reservoir of blue carbon is driving an increased interest in coastal wetland carbon cycling and the role of coastal wetlands in climate change mitigation.
Salt marshes along the Atlantic and northern Gulf Coasts of temperate North America are commonly characterized by stands of the smooth cordgrass Spartina alterniflora. S. alterniflora is notable for its rates of carbon fixation. Organic carbon loading to wetland sediments by S. alterniflora are in the range of 68 to 78 moles per m 2 per year, higher than for Scripus or Phragmites dominated wetlands (Howes et al. 1985; Liao et al. 2007 ). The transfer of photosynthetically fixed carbon from the plant to the sediments happens rapidly. Measurements based on 13 CO 2 labeling indicate that 30 to 55% of the carbon fixed by photosynthesis is available for soil respiration after just 24 h (Spivak and Reeve 2015) . S. alterniflora is also associated with significantly higher levels of soluble organic carbon and sediment microbial biomass in comparison with other marsh grasses (Bu et al. 2015) . Taken together, these observations suggest that S. alterniflora, and its associated phytobiome, is a potent player in storage of carbon in wetland sediments.
Multiple S. alterniflora salt marshes along the Atlantic and Gulf Coasts of the United States have experienced developments of sudden vegetation dieback (SVD), that presents as an initial thinning and browning of the above-ground foliage with plant death occurring over a period of weeks to months (Alber et al. 2008) . A key characteristic of SVD is the death of the propagative rhizomes, which inhibits regrowth, so that SVD affected sites can persist for years (Elmer et al. 2013) . The etiology of SVD remains to be explained, although fungal pathogens (Elmer et al. 2012; Elmer 2016) , invasive crabs (Schultz et al. 2016), and drought (McKee et al. 2004 ) have been proposed as the cause, or contributing to the development of SVD. Regional differences or interactions between different factors may play a role in the difficulty in identifying a unified explanation of SVD development (Elmer 2014) . Much of the research on SVD has focused on trying to identify the causes of SVD, whereas research into the consequences of SVD on the structure and function of wetland ecosystems has been limited.
In 1999, an occurrence of SVD developed in Hammonasset Beach State Park marshes in Madison, CT. The dieback patches occurred along creek banks dominated by the tall form of S. alterniflora and resulted in completely barren patches of wetland sediments, which largely remain unvegetated. SVD and healthy marsh patches are often directly adjacent with no obvious patterns related to hydrology or location (Elmer et al. 2013) . In this study, the objectives were to characterize the effects of vegetation loss on the bacterial communities in vegetated and nonvegetated sediments in an SVD affected wetland and to identify the bacteria that may be involved in processing carbon fixed by S. alterniflora.
MATERIALS AND METHODS
Site description and sample collection. Hammonasset Beach State Park is located in Madison, Connecticut on the shore of the Long Island Sound (WGS 84; 41°15´56.192´´, 72°34´5.673´´). Occurrences of SVD have been documented since at least 1999, with areas affected by SVD being completely unvegetated and visibly apparent as bare peat. The sites of SVD are generally patchy and occur along creek banks (Fig. 1) .
Three distinct wetland sites were identified in the salt marsh that consisted of unvegetated sediments or healthy vegetated patches.
Sites were approximately 20 m apart with two sites on the north side of the creek and one on the south side. From each site, two locations were identified approximately 1 m apart for two replicate locations per site. Each location was delimited by the 20 cm soil collar used for soil CO 2 flux measurement (see below). After CO 2 flux measurements from each location, triplicate approximate 5-g soil samples were collected for DNA extraction. Thus, this sampling scheme resulted in three replicates per location, two locations per site, and three replicate sites for both SVD and vegetated wetland patches (i.e., 18 biological replicates for each of SVD and vegetated conditions). Sediment samples for DNA extraction were collected on 23 September 2014. Sampling times were selected during low tide to ensure that the soils would not be flooded at the time of sampling. At the time of sampling, the average soil temperature was 20.6°C.
The sediment samples were collected with a sterile spatula and only the upper~2 cm was collected. For the vegetated sites, the upper soil was collected in the vicinity of the plants, but attempting to exclude plant material or roots. The sediment samples for DNA extraction were placed on dry ice and transported back to the Connecticut Agricultural Experiment Station (CAES) where they were stored at 280°C until processing. For soil chemistry, a single approximately 100-g soil sample was collected from each location and transported on ice to the station where it was stored in the freezer until processing.
Soil CO 2 flux and soil chemistry. Soil CO 2 flux was measured with the LI-8100A Soil Gas Flux Survey System (LI-COR Biosciences, Lincoln, NE). This involved placing a 20 cm diameter soil collar into the sediments and determining the collar offset above the surface to accurately determine the chamber head space. The supplied temperature and moisture probes were inserted into the soil adjacent to the collar. Once the survey chamber was placed on the collar soil, flux data were collected for 1 min and 30 s. After the completion of the measurement, the survey chamber was removed and replaced for a total of three replicate soil CO 2 measurements per location.
All soil chemistry measurements were performed by Galbraith Laboratories Inc. (Knoxville, TN). The procedures employed were as follows: carbon and nitrogen, elemental analysis via the LECHO CHN 628 Analyzer; iron and phosphorous, Inductively Coupled Plasma Atomic Emission Spectrometry via the ICP-OES Optima 5300; and sulfur, sulfur analysis via the LECO SC-432DR. Soil moisture was determined gravimetrically by drying the soil samples overnight at 70°C and determining the percent mass of water.
Soil DNA extraction and amplification/sequencing of 16S rRNA genes. For each of the soil samples collected for DNA extraction, a 0.5-g subsample was aseptically transferred to a Power Bead Tube (MO BIO Power Soil Kit, Carlsbad, CA) and DNA was extracted using the supplied protocols. All DNA extractions were verified by gel electrophoresis in 1% agarose gels and the DNA products were quantified with a NanoDrop spectrophotometer (NanoDrop Lite, Thermo Scientific, Waltham, MA).
For each PCR reaction for amplification of bacterial 16S rRNA genes, an amount of 1 ng of input DNA was used per reaction. The 16S rRNA genes were amplified with the primers 515F (59-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG GTG CCA GCM GCC GCG GTA A) and 806R (GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA GGG ACT ACH VGG GTW TCT AAT), which also included Illumina adaptor sequences (indicated by underlining). Cycling conditions were as follows: Initial denaturation 95°C for 3 min; 35 cycles of 95°C for 45 s, 55°C for 60 s, 72°C for 60 s; a final extension at 72°C for 10 min. The approximately 350-bp PCR products were verified by gel electrophoresis and purified with the QIAquick PCR purification kit (Qiagen). Sequence indexing was performed using the index PCR procedure, employing the Nextera DNA Library Prep Kit (Illumina Inc., San Diego, CA). Following indexing, PCR amplicons were purified as above and pooled in equal molar concentrations (1 mg).
The resulting DNA was sequenced on the Illumina HiSeq platform at the Yale Center for Genome Analysis with standard protocols on the HiSeq2500 employing paired end 2 3 150 chemistry. Paired end sequences were assembled into contigs using the make.contigs command with default parameters in the mothur (Schloss et al. 2009 ) software package, only retaining contigs of at least 291 bases in length. Each contig was further screened to remove any sequences with any ambiguous nucleotide calls or homopolymers of $7 bases. Potentially chimeric sequences were identified with the mothur implementation of uchime (Edgar et al. 2011) . A total of 297,768 (6.1%) sequences were identified as potentially chimeric and removed from further analysis. Sequences were clustered into operational taxonomic units (OTUs) with average neighbor clustering employing a cutoff value of 10% sequence identity. For analyses of diversity and composition, an OTU definition of $97% sequence identity was employed.
Statistical analyses of sequence data. For the nonmetric multidimensional scaling (NMDS) analysis, pairwise Bray-Curtis distances (incorporating relative abundance) were calculated between samples and axes were calculated in the mothur software package. To test if the clustering between vegetated and SVD communities was significant, analyses of similarities statistics (ANOSIM) (Anderson and Walsh 2013) were performed within the mothur software package.
Significant differences in OTU relative abundance were determined using Welch's t test with the Benjamin-Hochberg false discovery rate correction for multiple test corrections as implemented in the STAMP software package (Parks and Beiko 2010) . The raw outputs from STAMP were imported into the R statistical software environment (R Core Team 2013) for data visualization. Relative abundance of OTUs was displayed on a logarithmic scale as this better represents the large variation in values as previously reported (Wang et al. 2016 ). All sequences generated in this study are available in the NCBI sequence read archive under the accession number SRP090554.
Greenhouse experiments. S. alterniflora was produced from seed collected from healthy plants at Hammonasset Beach State Park. Seed was surface-sterilized in 0.05% NaClO for 1 min, rinsed in sterile tap water three times, and placed in wet sand in trays on greenhouse benches. After 10 to 20 days, germinated seedlings were transplanted into 1:1 top soil/ProMix BX soilless potting mix in 36 cell trays and maintained for 4 to 6 weeks or 1 year for the transplants. Plants were kept well irrigated and fertilized once every 2 months with Miracle-Gro Water Soluble All Purpose Plant Food 24-8-16.
To assess whether the microbial communities in SVD affected sediments were deleterious to the growth of S. alterniflora, sediments were collected from the SVD sites at Hammonasset Beach State Park in October 2015. The top 10 cm of soil was removed with a spade, transported to the CAES, and sieved to remove large chunks of roots in the greenhouse. One half of the soil was autoclaved at 121°C for 1 h on two consecutive days. Both autoclaved and non-autoclaved sediments were each dispensed into 20 1-liter plastic pots (800 cc/pot). To provide a non-marsh control soil, a 1:1 top soil (Agway Inc.) and Promix BX potting soil was also included.
Ten seeds of S. alterniflora were placed on the soil surface of 10 pots filled with each soil treatment and kept moist. The seeds were monitored for several weeks and the number of germinated seedlings was recorded. Ten replicate pots of each soil treatment were also planted with seedlings that were either 6 weeks old or mature 1-year-old plants. Plants were rated for disease symptoms on a scale of 1 to 6, where 1 5 healthy robust and 6 5 dead after 40, 70, and 80 days after planting. Disease progress was calculated using the area under the disease progress curve (AUDPC) and was calculated using the trapezoid rule (Jeger and ViljanenRollinson 2001) . On the 80th day, plants were harvested and all above-ground tissue was dried and weighed. Dry weight data were analyzed using analysis of variance and means were separated using Tukey's honestly significant difference test at P 5 0.05.
RESULTS
Sediment characteristics and sediment CO 2 flux. Across the different measures of soil characteristics, only the sediment water content was found to significantly differ (P 5 0.03) between the vegetated and SVD affected sites (Table 1) . Additionally, CO 2 flux, a measure of respiration, was 64% lower in the SVD affected sediments, a statistically significant difference (P 5 0.05).
Sequence diversity. A total of 7,110,477 high quality sequences were generated in this study. The range of sequences per sample was 699 to 703,323. As differences in sequencing effort have been associated with skewed diversity estimates (Gihring et al. 2012 ), all of the sequence datasets were randomly subsampled to the size of the smallest library. Datasets with significantly smaller sequence recovery were omitted (Supplementary Table S1 ). This resulted in datasets of 17,799 sequences per sample. The average number of OTUs from the healthy vegetated soils and SVD affected soils were similar with 9,680 and 9,961 OTUs, respectively (Table 2) . Additionally, there were no significant differences in the diversity estimates between the healthy and SVD affected soils. The estimated coverage of the datasets was in the range of~50%, suggesting that with this sequencing effort, only a fraction of the total expected diversity of these samples was recovered.
Taxonomic composition of sediment bacterial communities. Relative abundance of the OTUs in the rarefied datasets was employed to test for compositional differences between the vegetated and SVD affected sediment communities by NMDS. The NMDS analysis showed clear independent clustering between the communities in vegetated versus SVD affected sediments (Fig. 2) . This independent clustering was supported by ANOSIM statistics, which indicated a highly significant difference in the structure of the communities between vegetated and SVD affected sediments (P , 0.001) (Fig. 2) .
OTU relative abundance data were used to identify taxonomic groups that were significantly different in relative abundance between the vegetated and SVD affected sediment communities (Fig.  3A) . The shaded boxes in the upper panels of the figure are displayed such that they encompass OTUs with highly significant statistical results (P # 0.001) and large changes in relative abundance (threefold difference in relative abundance) between SVD and vegetated sediments. Thus, these OTUs are those that show large and highly significant changes, presumably making these among the most biologically meaningful shifts associated with SVD affected sediments. These parameters identified 81 OTUs as significantly more abundant in the vegetated sediments compared with 67 OTUs more abundant in the SVD affected sediments (Fig. 3A) . A full list of these OTUs is available in Supplementary Table S2 .
Proteobacteria accounted for the majority of the differentially abundant OTUs, accounting for 43 (53%) of the OTUs enriched in the vegetated sediments and 44 (66%) of the OTUs significantly more abundant in the SVD sediments. A notable difference between the vegetated and SVD affected sediments was the relatively large proportion of Bacteroidetes that were more abundant in the vegetated sediments. Of the OTUs identified as more abundant in the Values from bulk soil samples collected from each location. Average from n 5 3 samples (6 standard deviation). y Collected from a 20-cm-diameter soil collar that defines the expanse of each location. Each site was measured for soil CO 2 flux in triplicate (average n 5 9 per site, 6 standard deviation). * indicates averages were found to be statistically different (P # 0.05) by Student's t test. z BD indicates below detection of the assay (1% detection limit). Supplementary Table S1 . z Good's coverage (Good 1953). vegetated sediments, 27 (33%) were Bacteroidetes compared with four (6%) being more abundant in the SVD affected sediments (Fig. 3B) . These observations suggest that vegetation loss may be associated with a decline of Bacteroidetes-related bacteria. The remaining OTUs belonged to 11 phyla or were not able to be classified. Individually, these groups made up a relatively small proportion of differentially abundant OTUs (Fig. 3B) .
To characterize the differentially abundant OTUs at deeper taxonomic levels, the 10 OTUs showing the most significant changes in relative abundance (ranked by P value) that were either more abundant in the vegetated or SVD affected sediments are displayed in Figures 4 and 5. Of the OTUs that were more abundant in the vegetated sediments, 7 of the 10 that were most significantly altered in relative abundance could not be classified past their phylum (Fig. 4) . The remaining three OTUs belonged to the genera Flexithrix, Imtechella, and Lewinella, all within the phylum Bacteroidetes.
Within the OTUs more abundant in SVD affected sediments, only two were not classified to the genus level (Fig. 5) . Of the 10 OTUs determined to be more abundant in SVD affected sediments, five were classified to the same genus, Desulfobulbus (phylum Proteobacteria) and two to the genus Acidiferrobacter (phylum Proteobacteria) (Fig. 5) , suggesting the majority of the differentially abundant OTUs enriched in SVD affected sediments were close taxonomic relatives.
Germination and growth of S. alterniflora in SVD affected soils. The final objective of the study was to test if the alterations in the sediment bacterial communities could be associated with the initial onset of SVD or the inability of S. alterniflora to recolonize these sites after a dieback event. There was a trend toward lower germination rates in the seedlings in the natural sediment compared with autoclaved sediments, or the control soil, but the differences were not significant (Table 3) . Seedlings had more yellowing, stunting, and less vigor in the autoclaved and the natural (nonautoclaved) SVD sediments than in the soil mix treatment, although the dry weights of the recovered plants did not significantly differ (Table 3) . Disease progress estimates (AUDPC) of transplants did not differ among transplant in the experiment, but plants grown in autoclaved SVD sediments were significantly larger than the soil mix control or natural sediments. Taken together, these data suggest, at most, there is a limited effect of the SVD sediment microbial community on the health of S. alterniflora, and the lack of mortality suggests that the indigenous sediment microbiota are not likely associated with the development of SVD.
DISCUSSION
The SVD affected sediments retained physicochemical characteristics similar to those of the vegetated sediments (Table 1) , even after 10 years from the initial development of SVD. This matches observations of dieback sites in Georgia, which identified few changes in soil chemistry associated with SVD (Crawford and Stone 2014) . The one notable difference between these studies is that sites in Georgia associated with SVD showed significantly lower water content than unvegetated sites, whereas the SVD sites in this study showed elevated water content (Table 1 ). This suggests that sediment interactions with SVD may differ between wetlands or with other site-specific characteristics.
The CO 2 flux from SVD affected sediments, a measure of microbial respiration, was approximately 36% of that from vegetated sediments (Table 1) . Similarly, other studies have recorded lower CO 2 flux from unvegetated wetland patches (Bahlmann et al. 2015) . S. alterniflora translocates carbon from the atmosphere to the subsurface, increasing microbial respiration and mineralization in the vicinity of roots (Hines et al. 1989) . Thus, the removal of primary productivity and the associated carbon inputs predictably results in lower respiration rates in the SVD sites.
The bacterial communities displayed notable and significant differences in composition between the SVD affected and vegetated sediments (Fig. 2) . One of the more pronounced differences between the bacterial communities between the vegetated and SVD affected Fig. 2 . Nonmetric multidimensional scaling (NMDS) analysis of operational taxonomic unit (OTU)-based clustering of sediment communities. Distances between datasets were determined using the rarefied raw count OTU data and calculated using the Bray-Curtis similarity metric incorporating OTU relative abundance. Results of the ANOSIM statistical test are indicated in the shaded panel.
sites was the significant enrichment of OTUs belonging to the phylum Bacteroidetes in the vegetated sediments (Fig. 3B ). This suggests a potential role for these organisms in the processing of the carbon produced by S. alterniflora. This is not the first study to detect a reduction of Bacteroidetes bacteria in association with vegetation loss. For example, in an arid grassland, experimental vegetation removal resulted in large significant decreases in the proportion of Bacteroidetes recovered from soils (McHugh and Schwartz 2015) . Bacteroidetes relative abundance has also been positively correlated to carbon respiration rates (Fierer et al. 2007 ). Here we show that Bacteroidetes were more abundant in vegetated sediments, which also supported higher respiration rates (Table 1) . Taken together, these observations support a strong role for the Bacteroidetes in saprotrophic carbon cycling in these coastal wetland sediments.
Among the OTUs identified as the most significantly enriched in the vegetated sediments, all but two belonged to the phylum Bacteroidetes (Fig. 4) . Of the Bacteroidetes-related OTUs, three were classified to the genera Flexithrix, Imtechella, and Lewinella, all of which are aerobic, halotolerant, heterotrophs (Khan et al. 2007; Nakagawa et al. 2002; Surendra et al. 2012) . A large proportion of the total of 81 OTUs that were identified as significantly more abundant in vegetated sediments (Fig. 3A) could not be classified to the genus level. In this respect, there is little that can be inferred from these taxonomic classifications. This suggests that coastal wetland sediments harbor uncharacterized bacteria, particularly within the phylum Bacteroidetes, which may be important to ecosystem function, specifically in processing carbon fixed by S. alterniflora.
In the SVD affected sediments, five of the ten most significantly enriched OTUs were within the genus Desulfobulbus, a group of anaerobic sulfate reducing bacteria (Castro et al. 2000; RooneyVarga et al. 1997 ). These observations point to an increased role of anoxic metabolism in the SVD affected sediments. Two factors could account for lower oxygen contents in SVD affected sites. First, our measurement of increased water loading in SVD affected sites, as the increased water content would be expected to decrease the movement of oxygen into sediment pore spaces. Secondly, S. alterniflora translocates oxygen from leaves to the roots, locally increasing oxygen content in subsurface sediments (Borum et al. 2005; Mendelssohn et al. 1981; Teal and Kanwisher 1966) . In this Fig. 3 . Differentially abundant operational taxonomic units (OTUs) between vegetated and sudden vegetation dieback (SVD) affected sediments. A, Volcano plot displaying statistical significance versus fold change in relative abundance of each OTU in the dataset. The P values are displayed as the negative log10 value so that lower P values appear higher on the y axis. The horizontal dashed line denotes a P value of 0.05, and the vertical lines denote a threefold change in relative abundance. The blue shaded boxes encompass OTUs with a P value of #0.001 and a threefold change in relative abundance, and therefore represent OTUs with highly significant and large shifts in relative abundance between vegetated and SVD affected sediments. B, Phylum level classification of OTUs identified as significantly different in panel A (OTUs within shaded boxes). Bars represent the number of OTUs identified within each phylum. The vertical lines represent the mean, with the boxes encompassing the 25th and 75th percentiles of the data, the whiskers the 5th and 95th percentiles, and outliers represented by dots outside the boxes and whiskers. Each OTU was classified to the genus level, unless indicated by unclassified, in which case the deepest taxonomic assignment is indicated. OTUs were classified using the consensus of sequences that made up the OTU. A full list of differentially abundant OTUs is presented in Supplementary Table S2 . Fig. 5 . Operational taxonomic units (OTUs) enriched in sudden vegetation dieback (SVD) affected sediments. Boxplot of the 10 OTUs identified as the most significantly enriched in SVD affected sediments (ranked by P value). The vertical lines represent the mean, with the boxes encompassing the 25th and 75th percentiles of the data, the whiskers the 5th and 95th percentiles, and outliers represented by dots outside the boxes and whiskers. Each OTU was classified to the genus level, unless indicated by unclassified, in which case the deepest taxonomic assignment is indicated. OTUs were classified using the consensus of sequences that made up the OTU. A full list of differentially abundant OTUs is presented in Supplementary Table S2 .
respect, the loss of vegetation due to SVD would also cut off this source of oxygenation. Thus, the response of the microbial community to SVD reflects a shift toward more anoxic metabolism. Despite the potential for increased anaerobic metabolism in the SVD affected sediments, no methanogen related OTUs were identified as being significantly enriched in the SVD sites (Fig. 3B) , suggesting methanogenesis did not significantly increase in the SVD sediments. Future work specifically investigating methane cycling should lead to a more complete view of the carbon processing in these coastal wetland sediments.
An additional two OTUs identified as significantly enriched in association with SVD were classified to the genus Acidiferrobacter (Fig. 5) , primarily iron-oxidizing bacteria also capable of sulfur oxidation (Hallberg et al. 2011; King and Garey 1999) . As Desulfobulbus and Acidiferrobacter employ inorganic compounds as electron acceptors and donors, respectively, this may reflect a reduced availability of organic carbon for metabolism, further implicating the role of S. alterniflora in maintaining the sediment microbial communities.
Other groups, such as the Cyanobacteria and Chloroflexi, showed an increase in abundance in SVD affected sediments (Fig. 3B) . This could indicate an increased potential for microbial mediated primary productivity, perhaps reflecting an ecological replacement of the vegetation lost to SVD.
Finally, to investigate if the alterations in the microbial community in sediments associated with SVD could affect S. alterniflora development or health, greenhouse growth experiments were performed. Although minor differences in growth and or survival of S. alterniflora were observed in the experiment, altering the SVD microbial community through autoclaving had a slight positive effect on the dry weight recovery of seedlings and of transplants, but an increase in AUDPC of seedlings (Table 3 ). These differences might explained by the autoclaving process. Autoclaving soils can have positive or negative effect on plants growth by release beneficial and/ or toxic metabolites (Berns et al. 2008) . The results presented here suggest that autoclaved soils have differing effects on seedlings versus mature transplants, suggesting potential differences in nutrients or metabolite requirements between different developmental stages of S. alterniflora. More importantly, the natural SVD sediments were not inhibitory to S. alterniflora germination or growth (Table 3) , which suggests that alterations in nutrients or the sediment microbial community that occur following an SVD event are not likely associated with the plant mortality or the failure of S. alterniflora to recolonize the unvegetated patches. The limited role of sediment microbes in SVD is further supported by reports of successful transplants between vegetated and SVD affected sites in natural wetlands, although reduced growth in transplanted grasses is often reported (Alber et al. 2008) . Currently, factors such as the invasion of the crab Sesarma reticulatum are thought to play a role in maintaining SVD (Elmer et al. 2013) . Future research investigating the causes, consequences, maintenance, and restoration of SVD affected wetlands needs to be pursued, while incorporating the multiple trophic levels that operate in coastal wetlands.
In summary, the large scale disturbance of coastal wetlands induced by SVD translate into a restructuring of the sediment bacterial communities. The shifts in the bacterial communities point to large scale changes in the metabolic pathways and ecosystem process rates related to carbon cycling. In this respect, the development of SVD may represent a natural experiment in which to gain a mechanistic understanding of how plants and their phytobiome interact to affect how carbon is cycled and stored in wetland sediments. Furthermore, understanding the causes and consequences of SVD needs to be pursued to inform carbon budgets of wetlands experiencing SVD and developing effective management and conservation strategies to protect these valuable ecosystems. 
